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1
DRIVING APPARATUS FOR ANALYZING
APPARATUS

TECHNICAL FIELD

The present invention relates to an analyzing apparatus for
transferring an analyzing device, which contains a sample
liquid collected from an organism and the like, to a measuring
chamber by a centrifugal force and analyzing the sample
liquid.

BACKGROUND ART

In the prior art, a liquid collected from an organism and the
like is analyzed by a known analyzing method using an ana-
lyzing device having fluid channels formed therein. The ana-
lyzing device can control a fluid by using a rotator. By using
a centrifugal force, the analyzing device can dilute a sample
liquid, measure a solution, separate a solid component, trans-
fer and distribute a separated fluid, and mix a solution and a
reagent, thereby enabling various biochemical analyses.

Patent Document 1 describes an analyzing device 50 for
transferring a solution by a centrifugal force. As shown in
FIG. 49, the analyzing device 50 is configured such that a
sample liquid as a specimen is injected into a measuring
chamber 52 from an inlet 51 by an inserting instrument such
as apipette, the sample liquid is retained by the capillary force
of the measuring chamber 52, and then the sample liquid is
transferred to a separating chamber 53 by a rotation of the
analyzing device. Such an analyzing device using a centrifu-
gal force as a power source for transferring a liquid is prefer-
ably shaped like a disk, so that microchannels for controlling
the transfer of liquid can be radially arranged without causing
any excessive area.

The sample liquid and a diluent are mixed and agitated by
accelerating or decelerating a turntable, on which the analyz-
ing device 50 is set, in the same rotation direction, or rotating
the turntable in forward and reverse directions.

Further, in order to analyze a component contained in a
sample liquid such as blood and urine, operations such as
mixing with a reagent and centrifugal separation are per-
formed in the process. Generally, these operations are per-
formed using an agitator and a centrifugal separator. In an
analysis conducted through multiple processes, these opera-
tions performed in the respective devices cause low effi-
ciency. To address this problem, a single device for perform-
ing centrifugal separation and agitation is proposed in Patent
Document 2 and so on.

Unlike in Patent Document 1, Patent Document 2 does not
describe an analyzing device but describes a technique of a
centrifugal separator of FIG. 50 in which an eccentric cam
803 rotationally driven by a motor 802 is inserted into a hole
801 bored on a substrate 800, so that the substrate 800 is
vibrated. Centrifugal separation and agitation are switched by
an electromagnetic plunger.

Patent Document 1: National Publication of International
Patent Application No. 7-500910

Patent Document 2: Japanese Patent No. 2866404

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
In the configuration of Patent Document 1, however, a

sufficient acceleration for performing mixing and agitation in
a short time cannot be obtained because of the inertial force of

10

25

35

40

45

55

60

2

the analyzing device, the response of the drive unit, and so on,
so that it takes a long time to perform mixing and agitation
under present circumstances.

This disadvantage is apparent particularly in the mixing of
a small amount of fluid. Mixing and agitation may be insuf-
ficiently performed even in a sufficient period of time.

The present invention has been devised to solve the prob-
lem of the prior art. An object of the present invention is to
provide an analyzing apparatus that can obtain a necessary
acceleration in the mixing and agitation of a small amount of
fluid even in a shorter time than in the prior art.

In the configuration of Patent Document 2, centrifugal
separation and agitation are performed by different motors.
However, it is necessary to keep constant the rotations of the
motors to accurately perform the operations. The addition of
an agitating function requires another sensor for detecting a
frequency, so that the configuration of the apparatus is
increased in size and the control is complicated.

The present invention has been devised to solve the prob-
lem of the prior art. An object of the present invention is to
provide a centrifugal separator using a sensor for controlling
centrifugal separation and agitation.

Another object of the present invention is to provide an
analyzing apparatus including a rotary drive section that can
stably perform swinging even in the event of deformation
such as wearing of a component.

Means for Solving the Problems

An analyzing apparatus of the present invention in which
an analyzing device is set, the analyzing device having a
microchannel structure for transferring a sample liquid to a
measuring chamber by a centrifugal force, the analyzing
apparatus including: a first drive part for rotating the set
analyzing device; a second drive part selectively engaged
with the first drive part to reciprocate the analyzing device,
and a third drive part for relatively moving the first drive part
and the second drive part to a position where the first and
second drive parts are engaged with each other and a position
where the first and second drive parts are not engaged with
each other.

The first drive part is made up of a turntable on which the
analyzing device is set, and a first motor for rotationally
driving the turntable; and the second drive part is made up of
a lever supported so as to reciprocate or swing in the tangen-
tial direction of the turntable, and a second motor for driving
the lever so as to reciprocate or swing the lever.

An analyzing apparatus of the present invention in which
an analyzing device is set, the analyzing device having a
microchannel structure for transferring a sample liquid to a
measuring chamber by a centrifugal force, the analyzing
apparatus including: a first drive part having a turntable on
which the analyzing device is set, and a first motor for rota-
tionally driving the turntable; a second drive part having a
lever that is supported so as to swing in the tangential direc-
tion of the turntable and is selectively engaged with the first
drive part, and a second motor for driving the lever in a
swinging manner to reciprocate the analyzing device; a third
drive part for relatively moving the first drive part and the
second drive part to a position where the first and second drive
parts are engaged with each other and a position where the
first and second drive parts are not engaged with each other;
and a control section for controlling the timing of energiza-
tion to the second motor so as to bring the first drive part and
the second drive part close to each other while swinging the
lever, when the third drive part relatively moves the first drive
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part and the second drive part to the position where the first
and second drive parts are engaged with each other.

The analyzing apparatus further includes a first gear
formed on the outer periphery of the turntable of the first drive
part, and a second gear formed on the end of the lever of the
second drive part so as to mesh with the first gear.

Further, the first motor is an outer rotor motor, and the first
motor includes: a first gear formed on the outer periphery of
an outer rotor, and a second gear formed on the end of the
lever of the second drive part so as to mesh with the first gear.

Moreover, the control section is set at “f1<f2” where {1 is
a first frequency that is the swinging frequency of the lever
when the first drive part and the second drive part are rela-
tively moved to the position where the first and second drive
parts are engaged with each other, and {2 is a second fre-
quency that is the swinging frequency of the lever after the
first drive part and the second drive part are engaged with each
other.

Further, in the case where the third drive part relatively
moves the first and second drive parts to the position where
the first and second drive parts are not engaged with each
other, the control section controls a state of energization to the
first motor of the first drive part so as to regulate a rotation
when the second motor is energized to separate the first drive
part and the second drive part.

An analyzing apparatus of the present invention in which
an analyzing device is set, the analyzing device having a
microchannel structure for transferring a sample liquid to a
measuring chamber by a centrifugal force, the analyzing
apparatus including: a turntable for holding the analyzing
device in which the sample liquid has been injected; a first
drive part that rotationally drives the turntable and uses at
least two magnetic sensors to detect a rotating magnetic field;
a second drive part engaged with the turntable to generate
reciprocating vibrations on the turntable; and a vibration
detecting section for selecting an output signal having the
largest amplitude from the output signals of the magnetic
sensors and calculating a vibration frequency from the
selected output signal while keeping the selection state until
the completion of an operation of vibration agitation.

Moreover, the first drive part has a rotary motor that is a
three-phase brushless motor.

The vibration detecting section includes: filters for extract-
ing two of the output signals of the magnetic sensors and
removing direct-current signals; a first comparing section for
comparing the amplitudes of the output signals of the filters to
decide which of the amplitudes is larger, and storing the
decision result; a multiplexer for selecting the signal having
the largest amplitude from the output signals of the filters
based on the decision result stored in the first comparing
section; a second comparing section for digitally converting
the output signal selected by the multiplexer; and a micro-
computer for calculating a vibration frequency from the out-
put signal of the second comparing section.

The vibration detecting section includes: filters for remov-
ing direct-current signals from the output signals of the at
least two magnetic sensors; a multiplexer for selecting one of
the output signals of the filters; an analog-to-digital converter
for digitally converting the output signal of the multiplexer;
and a microcomputer for calculating a vibration frequency
from the output signal of the analog-to-digital converter.

An analyzing apparatus of the present invention including
a rotational drive section having a first drive part for rotating
asetanalyzing device, a second drive part selectively engaged
with the first drive part to reciprocate the analyzing device,
and a third drive part for relatively moving the first drive part
and the second drive part to a position where the first and
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second drive parts are engaged with each other and a position
where the first and second drive parts are not engaged with
each other, the analyzing apparatus further including:
memory for storing the swinging frequency of the second
drive part according to a set value; and a controller for running
a swinging routine in which a set value necessary for swing-
ing the analyzing device is read at a desired frequency and is
supplied to the second drive part, the controller further run-
ning a load fluctuation learning routine in which a set value
for learning is supplied to the second drive part to measure the
swinging frequency and the contents of the memory are
updated so as to reduce fluctuations in swinging frequency
according to the measured value.

Further, the controller runs an accumulated swinging value
deciding routine in which count values corresponding to the
contents of a swinging operation are accumulated in the
swinging routine, the load fluctuation learning routine is
instructed to run when the controller detects that the accumu-
lated value has exceeded a threshold value, and then the
accumulated value is reset.

Moreover, the controller runs an accumulated swinging
value deciding routine in which count values corresponding
to the contents of a swinging operation and count values
corresponding to secular changes are accumulated in the
swinging routine, the load fluctuation learning routine is
instructed to run when the controller detects that the accumu-
lated value has exceeded a threshold value, and then the
accumulated value is reset.

Further, the controller lies a single set value for learning to
the second drive part and measures the swinging frequency in
the load fluctuation learning routine, and the controller
updates the contents of the memory so as to reduce fluctua-
tions in swinging frequency according to the measured value.

Moreover, the controller supplies multiple set values for
learning to the second drive part and measures the swinging
frequencies in the load fluctuation learning routine, and the
controller updates the contents of the memory so as to reduce
fluctuations in swinging frequency by linear approximation
between the two points of the measured values.

Advantage of the Invention

With this configuration, an analyzing device set on a first
drive partis reciprocated by engaging a second drive part with
the first drive part. Thus it is possible to obtain necessary
acceleration even in a short time unlike in the prior art where
a sample liquid and a diluent are mixed and agitated by
accelerating or decelerating the motor of a first drive part in
the same rotation direction, or rotating the motor in forward
and reverse directions.

The control section controls the timing of energization to
the second motor so as to bring the first drive part and the
second drive part close to each other while swinging the lever.
Thus it is possible to reduce an impact and achieve stable
engagement when the first drive part and the second drive part
are engaged with each other.

Further, it is possible to calculate a vibration frequency in
agitation based on the detected output of a magnetic sensor
used for a rotary motor for centrifugal separation. Thus it is
not necessary to provide a sensor for controlling agitation in
addition to the rotary motor for centrifugal separation.

Moreover, even in the event of mechanical fluctuations
including load fluctuations in at least one of the first drive part
and the second drive part, the controller periodically and
automatically corrects a set value for instructing the second
drive part. Thus it is possible to reduce fluctuations in the
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swinging frequency of the analyzing device and keep the
analysis accuracy over an extended period.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1(a) and 1(b) are plan views showing the disengage-
ment of a first drive part and a second drive part of a rotational
drive section of an analyzing apparatus and a plan view show-
ing the engagement of the first drive part and the second drive
part according to a first embodiment of the present invention;

FIG. 2 is a perspective view showing a rotational drive
section of the first embodiment;

FIG. 3 is a side view showing the rotational drive section of
the first embodiment;

FIG. 4 is a plan view showing that a lever of the second
drive part has been removed according to the first embodi-
ment;

FIG. 5 is a perspective view showing that the door of the
analyzing apparatus is opened according to the first embodi-
ment;

FIG. 6 is a sectional view showing the main part of an
analyzing device set in the analyzing apparatus;

FIG. 7 is a block diagram showing the analyzing apparatus
according to the first embodiment;

FIGS. 8(a) and 8(b) are outside perspective views showing
the analyzing device with an opened and closed protective cap
according to the first embodiment of the present invention;

FIG. 9 is an exploded perspective view showing the ana-
lyzing device of the first embodiment;

FIG. 10 is a perspective view taken from the back of the
analyzing device with the protective cap closed;

FIGS. 11(a) and 11(5) are plan views before and after the
driving of a rotational drive section according to a second
embodiment of the present invention;

FIG. 12 is a perspective view showing a rotational drive
section of the second embodiment;

FIG. 13 is a connection diagram showing a control section
and first to third motors according to the second embodiment;

FIGS. 14(a)-(c) are waveform diagrams showing the out-
put signals of the control section according to the second
embodiment;

FIG. 15 is a detailed connection diagram of the control
section and the first motor according to the second embodi-
ment;

FIGS. 16(i)-(vi) are explanatory drawings showing the
rotational driving states of the first motor according to the
second embodiment;

FIG. 17 is a perspective view showing a centrifugal sepa-
rator according to a fourth embodiment of the present inven-
tion;

FIG. 18 is a top view of the centrifugal separator according
to the fourth embodiment;

FIG. 19 is a principle diagram showing a quadrupole mag-
net three-phase brushless motor according to the fourth
embodiment;

FIG. 20 is an angle characteristic diagram showing volt-
ages outputted from the Hall elements of the quadrupole
magnet three-phase brushless motor according to the fourth
embodiment;

FIGS. 21(i)-(vi) show the relationship between the six
polarity patterns of three-phase driving coils of the quadru-
pole magnet three-phase brushless motor and the position of
a magnet rotor according to the fourth embodiment;

FIG. 22 shows the relationship between the states of ener-
gization to Hall elements 313, 314, and 315 and the driving
coils of U phase, V phase, and W phase;
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FIG. 23 is a structural diagram showing a vibration detect-
ing section of the centrifugal separator according to the fourth
embodiment;

FIG. 24 is a characteristic diagram showing the output
voltages of the AC-coupled Hall elements when the three-
phase brushless motor is vibrated in the range of an angle o
according to the fourth embodiment;

FIG. 25 is a characteristic diagram showing peak hold
voltages when the three-phase brushless motor is vibrated in
the range of the angle o according to the fourth embodiment;

FIG. 26 is a characteristic diagram showing the output
voltages of the AC-coupled Hall elements when the three-
phase brushless motor is vibrated in the range of an angle
according to the fourth embodiment;

FIG. 27 is a characteristic diagram showing peak hold
voltages when the three-phase brushless motor is vibrated in
the range of the angle f§ according to the fourth embodiment;

FIG. 28 is a characteristic diagram showing the output
voltages of the AC-coupled Hall elements 313 and 315 in
reciprocating vibrations with the vibration center disposed at
the angle of one of points P1 to P4 shown in FIG. 20;

FIG. 29 is a characteristic diagram showing peak hold
voltages according to the fourth embodiment;

FIG. 30 is an input/output characteristic diagram of a com-
parator circuit 320 according to the fourth embodiment;

FIG. 31 is an input/output characteristic diagram when a
hysteresis characteristic is provided for the comparator cir-
cuit 320 according to the fourth embodiment;

FIG. 32 is an enlarged view of a vertical axis (voltage
range) of FIG. 29 according to the fourth embodiment;

FIG. 3 is astructural diagram showing a vibration detecting
section 401 according to a fifth embodiment of the present
invention;

FIG. 34 is a structural diagram showing a vibration detect-
ing section of a centrifugal separator according to a sixth
embodiment of the present invention;

FIG. 35 is a process drawing showing the detection of a
vibration frequency of a microcomputer according to the
sixth embodiment;

FIG. 36 is an enlarged view showing a second gear to
explain a problem according to a seventh embodiment of the
present invention;

FIG. 37 is a structural diagram showing a rotational drive
section according to the seventh embodiment;

FIG. 38 shows the relationship between the total number of
swings of the rotational drive section and a change of a
mechanical load;

FIG. 39 shows the relationship between a set value for a
swinging motor drive part of the rotational drive section and
a swinging frequency;

FIG. 40 is a flowchart showing a swinging routine accord-
ing to the seventh embodiment;

FIG. 41 is an explanatory drawing showing an additional
value table according to the seventh embodiment;

FIG. 42 is a flowchart showing an accumulated swinging
value deciding routine according to the seventh embodiment;

FIG. 43 is a flowchart showing a load fluctuation learning
routine according to the seventh embodiment;

FIG. 44 is an explanatory drawing showing updating in the
load fluctuation learning routine according to the seventh
embodiment;

FIG. 45 shows the relationship between a set value and a
swinging frequency with an analyzing device set on a turn-
table and the relationship between a set value and a swinging
frequency with the analyzing device not set on the turntable;
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FIG. 46 shows the load fluctuation learning routine when
swinging frequencies are measured and learned at multiple
points;

FIG. 47 is an explanatory drawing of FIG. 46,

FIG. 48 is an explanatory drawing showing a specific cal-
culation example of FIG. 46;

FIG. 49 is a partially cut perspective view showing an
analyzing device of Patent Document 1; and

FIG. 50 is a partially cut perspective view showing Patent
Document 2.

BEST MODE FOR CARRYING OUT THE
INVENTION

First Embodiment

FIGS. 1 to 10 show an analyzing apparatus according to a
first embodiment of the present invention.

FIGS. 8 to 10 show an analyzing device.

FIGS. 8 (a) and 8(b) show an analyzing device 1 with an
opened and closed protective cap 2. FIG. 9 is an exploded
view of the analyzing device 1 with the underside of FIG. 8(a)
placed face up. FIG. 10 is an assembly drawing of FIG. 8(5).

The analyzing device shown in FIGS. 8 and 9 is made up of
four components of a base substrate 3 having a microchannel
structure formed on one surface, the microchannel structure
having a minutely uneven surface, a cover substrate 4 for
covering the surface of the base substrate 3, a diluent con-
tainer 5 for retaining a diluent, and the protective cap 2 for
preventing splashes of a sample liquid.

The base substrate 3 and the cover substrate 4 are joined to
each other with the diluent container 5 and so on set in the
base substrate 3 and the cover substrate 4, and the protective
cap 2 is attached to the joined base substrate 3 and cover
substrate 4.

The cover substrate 4 covers the openings of several
recessed portions formed on the top surface of the base sub-
strate 3, thereby forming a plurality of storage areas, the
passages of the microchannel structure for connecting the
storage areas, and so on. Reference numeral 11 denotes a
diluent container storage part, reference numeral 23 denotes a
separating cavity, reference numerals 25a, 255, 25¢, and 254
denote air holes, reference numeral 28 denotes an overflow
passage, reference numeral 29 denotes an overflow cavity,
reference numeral 31 denotes a reference measuring cham-
ber, reference numeral 33 denotes a capillary cavity, refer-
ence numeral 34 denotes a connecting passage, reference
numeral 36 denotes an overflow cavity, reference numeral 37
denotes a capillary passage, reference numeral 38 denotes a
measuring passage, reference numeral 40 denotes a measur-
ing chamber, and reference numeral 41 denotes a connecting
passage.

Reagents required for various analyses are stored before-
hand in necessary ones of the storage areas. One side of the
protective cap 2 is pivotally supported such that the protective
cap 2 can be opened and closed in engagement with shafts 6a
and 65 formed on the base substrate 3 and the cover substrate
4. When a sample liquid to be inspected is blood, the passages
of the microchannel structure in which a capillary force is
applied have clearances of 50 ul to 300 pm.

The outline of an analyzing process using the analyzing
device 1 is that a sample liquid is dropped into the analyzing
device 1 in which the diluent has been set, at least a part of the
sample liquid is diluted with the diluent, and then a measure-
ment is conducted.

The analyzing device 1 is set on a turntable 101 of an
analyzing apparatus 100 shown in FIGS. 5 and 6.
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On the top surface of the turntable 101, a groove 102 is
formed a state in which the analyzing device 1 is set on the
turntable 101, a rotary support part 15 formed on the cover
substrate 4 of the analyzing device 1 and a rotary support part
16 formed on the protective cap 2 are engaged with the groove
102, so that the analyzing device 1 is stored.

After the analyzing device 1 is set on the turntable 101, a
door 103 ofthe analyzing apparatus is closed before a rotation
of'the turntable 101, so that the set analyzing device is pressed
to the side of the turntable 101 by a movable piece 104
provided on the side of the door 103, with a biasing force of
a spring 105 at a position on the rotation axis of the turntable
101. Thus the analyzing device 1 rotates together with the
turntable 101 that is rotationally driven by a rotational drive
section 106. Reference numeral 107 denotes the axis of rota-
tion of the turntable 101.

FIG. 7 shows the overall configuration of the analyzing
apparatus 100.

The analyzing apparatus 100 is made up of the rotational
drive section 106 for rotating the turntable 101, an optical
measurement section 108 for optically measuring a solution
in the analyzing device 1, a control section 109 for controlling
the rotation speed and direction of the turntable 101, the
measurement timing of the optical measurement section, and
s0 on, an arithmetic section 110 for calculating a measure-
ment result by processing a signal obtained by the optical
measurement section 108, and a display section 111 for dis-
playing the result obtained by the arithmetic section 110.

The rotational drive section 106 can rotate the analyzing
device 1 through the turntable 101 about a rotation axis 107 in
any direction at a predetermined rotation speed and can fur-
ther vibrate the analyzing device 1 so as to laterally recipro-
cate the analyzing device 1 at a predetermined stop position
with respect to the rotation axis 107 with a predetermined
amplitude range and a predetermined period.

The optical measurement section 108 includes a light
source 112 (may be a light emitting diode) for emitting light
of a specific wavelength to the measuring part of the analyz-
ing device 1, and a photodetector 113 for detecting an amount
of light having passed through the analyzing device 1 out of
the light emitted from the light source 112.

The analyzing device 1 is rotationally driven by the turn-
table 101, and the sample liquid drawn into the analyzing
device 1 from an inlet 13 is transferred in the analyzing device
1 by using a centrifugal force generated by rotating the ana-
lyzing device 1 about the rotation axis 107 located inside the
inlet 13 and the capillary force of the capillary passage pro-
vided in the analyzing device 1.

FIGS. 1 to 4 specifically show the rotational drive section
106 of the analyzing apparatus 100.

A first drive part 71 for rotating the set analyzing device 1
is made up of a first motor 71a of outer rotor type and the
turntable 101 that is attached to the output shaft of the first
motor 71a and has the analyzing device 1 set thereon. On the
outer periphery of the turntable 101, a first gear 74 is formed.

In addition to the first drive part 71, the rotational drive
section 106 includes a second drive part 72 that is selectively
engaged with the first drive part 71 to laterally reciprocate the
turntable 101 at a predetermined stop position with respect to
the rotation axis 107 with a predetermined amplitude range
and a predetermined period and reciprocates the analyzing
device 1, and a third drive part 73 for relatively moving the
first and second drive parts 71 and 72 to a position where the
first and second drive parts 71 and 72 are engaged with each
other (FIG. 1(b)) and a position where the drive parts are not
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engaged with each other (FIG. 1(a)). In the present embodi-
ment, the second drive part 72 moves relative to the first drive
part 71.

The second drive part 72 and the third drive part 73 are
configured as shown in FIGS. 2 to 4.

On a chassis 75 where the first motor 71a is attached, a
second motor 72a, a third motor 73a, and so on are attached.
On a support table 77 attached to the chassis 75 so as to slide
along an arrow 76 (see FIGS. 1(a) and 2), a support shaft 78
is mounted.

Further, a lever 79 is pivoted on the support shaft 78. On
one end of the lever 79 on the side of the turntable 101, a
second gear 80 is formed so as to mesh with the first gear 74
of the turntable 101. On the other end of the lever 79, a
recessed portion 81 is formed. On the recessed portion 81, an
eccentric cam 83 is engaged that is attached to an output shaft
82 of the second motor 724. FIG. 4 is a plan view showing that
the lever 79 has been removed from the support shaft 78.

With this configuration, when the second motor 72a is
energized, the lever 79 swings between a solid line position
and a virtual line position via the eccentric cam 83.

The lever 79 is urged by a helical spring (not shown) to
reduce the backlash of the lever 79 during swinging.

The third drive part 73 is made up of the third motor 73a
attached to the chassis 75, a worm 85 attached to an output
shaft 84 of the third motor 73a, a worm wheel 86 that is
rotationally attached to the chassis 75 and meshes with the
worm 85, and a rack 87 that is formed on the support table 77
and meshes with the worm wheel 86. Between the support
table 77 and the chassis 75, an extension spring 88 is inter-
posed to reduce backlash between the worm wheel 86 and the
rack 87.

With this configuration, the third motor 73a is energized to
rotate the worm wheel 86 along an arrow 89 (see FIG. 1(a))
until a detection switch 91 detects the support table 77 as
shown in FIG. 1(b), so that the support table 77 on which the
rack 87 meshes with the worm wheel 86 slides close to the
turntable 101 and the second gear 80 of the lever 79 meshes
with the first gear 74 of the turntable 101 as shown in FIG.
1(). In this state, the second motor 72a kept energized
enables the lever 79 to swingingly drive the turntable 101 in
the tangential direction of the turntable 101. Thus by increas-
ing the number of revolutions of the second motor 724, accel-
eration high enough to agitate a small amount of fluid in the
analyzing device 1 can be obtained even in a short time.

In the present embodiment, the lever 79 of the second drive
part 72 is brought close to the turntable 101. In the agitation
and swinging of the analyzing device 1, the turntable 101 may
be brought close to the lever 79 of the second drive part 72 to
allow the first and second gears 74 and 80 to mesh with each
other. Alternatively, in the agitation and swinging of the ana-
lyzing device 1, the turntable 101 of the first drive part 71 and
the lever 79 of the second drive part 72 may be brought close
to each other to allow the first and second gears 74 and 80 to
mesh with each other. Thus the analyzing device 1 can be
agitated and swung by relatively moving the first drive part 71
and the second drive part 72 by the third drive part 73 to a
position where the lever 79 and the turntable 101 are engaged
with each other and a position where the lever 79 and the
turntable 101 are not engaged with each other.

In the foregoing embodiments, the analyzing device 1 is
agitated and swung by engagement of the first gear 74 of the
turntable 101 and the second gear 80 of the lever 79. Instead
of the second gear 80 on the lever 79, a friction member
provided on one end of the lever 79 may be brought into
contact with the first gear 74 of the turntable 101 to engage the
turntable 101 and the lever 79.
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In the foregoing embodiments, the second drive part 72 is
driven in engagement with the first gear 74 provided on the
turntable 101. The first gear 74 may be formed on the outer
periphery of an outer rotor 90 of the first motor 71a and the
second gear 80 of the second drive part 72 may mesh with the
first gear 74. Alternatively, the second drive part 72 to be
swingingly driven may come into contact with the outer
periphery of the outer rotor 90 of the first motor 71a to
laterally reciprocate the analyzing device 1 with respect to the
rotation axis 107 with the predetermined amplitude range and
the predetermined period.

Second Embodiment

FIGS. 11 and 12 show a second embodiment of the present
invention.

In the rotational drive section 106 of the first embodiment,
the analyzing device is reciprocated by swingingly driving
the second drive part in the tangential direction of the turn-
table. The second embodiment of FIGS. 11 and 12 is different
in that a second drive part is reciprocated in the tangential
direction of a turntable. Another different point is that the
driving source of a third drive part is a solenoid.

Regarding the different points from the first embodiment,
the operations will be specifically described below.

As shown in FIGS. 11 and 12, a second motor 72a, a
solenoid 204, support shafts 203a and 2035, a support shaft
209, and the like are attached to a chassis 75 where a first
motor 71a has been attached.

On the support shafts 203 and 2035, a lever 201 is slidably
pivoted by a spacer 210 and fasteners 212. On the side of the
turntable 101a, the lever 201 has a side bent in parallel with
the rotor of the first motor 71a. Further, a friction member 202
that can be in friction contact with the rotor of the first motor
71a is mounted on the end of a bent side 2015. The friction
member 202 is made of a material such as cork and butyl
rubber. Further, a recessed portion 211 is formed on the lever
201 and an eccentric cam 83 attached to an output shaft 82 of
the second motor 72q is engaged with the recessed portion
211.

With this configuration, when the second motor 72a is
energized, the lever 201 reciprocates via the eccentric cam 83
as indicated by an arrow 213 of FIG. 11.

A third drive part 73 is made up of a solenoid 204 attached
to the chassis 75, a lever 206 engaged with the solenoid 204,
and a lever 205 that has an intermediate portion pivoted on the
support shaft 209 implanted on the chassis 75 and has one end
engaged with a shaft 2065 implanted on the lever 206. Fur-
ther, an other end 2055 of the lever 205 is inserted into a hole
214 of the lever 201 and is engaged with the end of the bent
side 2015.

The lever 205 urges the end of the bent side 2015 of the
lever 201 along an arrow 215 of FIG. 11(a) by an extension
spring 207. The bent side 2015 acts as a plate spring.

With this configuration, the energized solenoid 204 moves
the lever 206 and simultaneously rotates the lever 205 along
an arrow 216 of FIG. 11(5) with the support shaft 209 serving
as a rotation axis. A plate spring portion recovers on the end
ofthe bent side 2015 of the lever 201, and the friction member
202 comes into contact with the rotor of the first motor 71a.

In this state, the second motor 724 kept energized enables
the lever 79 to swingingly drive a turntable 101 in the tangen-
tial direction of the turntable 101. Thus by increasing the
number of revolutions of the second motor 72a, acceleration
high enough to agitate a small amount of fluid in the analyzing
device 1 can be obtained even in a short time.
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In the present embodiment, the lever 201 of the second
drive part 72 is brought close to the first motor 71a. In the
agitation and swinging of an analyzing device 1, the first
motor 71a may be brought close to the lever 201 ofthe second
drive part 72. Alternatively, in the agitation and swinging of
the analyzing device 1, the first drive part 71 and the lever 201
of'the second drive part 72 may be brought close to each other.
The analyzing device 1 can be agitated and swung by rela-
tively moving the first drive part 71 and the second drive part
72 by the third drive part 73 to a position where the lever 201
and the first motor 71a are engaged with each other and a
position where the lever 201 and the first motor 71a are not
engaged with each other.

Although the friction member 202 is engaged with the first
motor 71a, the friction member 202 of the lever 201 may be
replaced with a gear member as in the first embodiment and
the gear member may be engaged with the turntable 101 or a
first gear 74 provided on the first motor 71a.

Third Embodiment

The control section 109 of the first, second, and third
motors 71a, 72a, and 73a of the first embodiment is config-
ured as will be described below. Thus even when the tops of
the teeth of a second gear 80 and the tops of the teeth of a first
gear 74 collide each other, the tops of the teeth of the second
gear 80 can be reliably engaged with the bottoms of the teeth
of'the first gear 74, achieving stable mixing and agitation for
an analyzing device 1.

In the case where signals are outputted from the control
section 109 to the first motor 71a the second motor 72a, and
the third motor 73a during mixing and agitation as indicated
by (a), (b), and (c¢) in FIG. 13, the control section 109 is
configured as shown in FIG. 14.

To be specific, when the control section 109 detects an
instruction of agitation/mixing during the stop period of the
first motor 71a, the control section 109 starts energizing the
second motor 72a before energizing the third motor 73a to
make a forward rotation. Thus a lever 79 is swung between a
solid line position and a virtual line position by an eccentric
cam 83.

After the start of energization to the second motor 72a, the
control section 109 energizes the third motor 73a to make a
forward rotation. Thus a support table 77 comes close to a
turntable 101. The energization to the third motor 73a is
completed when a detection switch 91 detects the support
table 77 as shown in FIG. 1(5).

When the support table 77 comes close to the turntable 101
thus, the second gear 80 on the end of the lever 79 comes close
to the first gear 74 of the turntable 101 while swinging in the
tangential direction of the turntable 101. Thus even when the
tops of the teeth of the second gear 80 and the tops of the teeth
of'the first gear 74 collide with each other, the swinging of the
second gear 80 reliably engage the tops of the teeth of the
second gear 80 with the bottoms of the teeth of the first gear
74, achieving stable mixing and agitation for the analyzing
device 1.

The number of revolutions of the second motor 72a is set
lower when the first gear 74 and the second gear 80 are moved
to an engagement position than after the first gear 74 and the
second gear 80 are engaged with each other, and the relation-
ship of “f1<f2” is set where f1 is a first frequency that is the
swinging frequency of the lever 79 when the first gear 74 and
the second gear 80 are moved to the engagement position, and
2 is a second frequency that is the swinging frequency of the
lever 79 after the first gear 74 and the second gear 80 are
engaged with each other.
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The second gear 80 is separated from the first gear 74 as
shown in FIG. 1(a) from the state of F1G. 1(5). This operation
is performed in a state in which the control section 109 regu-
lates the rotations of the rotor of the first motor 71a as shown
in FIGS. 14 to 16.

FIG. 15 schematically shows connection when the first
motor 71a is a three-phase brushless motor of outer rotor
type. The first motor 71a includes a rotor 124 magnetized
with two poles of a north pole and a south pole.

The first motor 71a further includes a stator 125 on which
driving coils U, V, and W5 are wound. The driving coils U,
and W makeY connections and are wound respectively on the
three protrusions of the stator. The three protrusions are
spaced at intervals of 120°.

Further, Hall elements A, B, and C are arranged so as to be
displaced from the respective driving coils U, V, and W by
60°. The Hall elements detect the polarity (a north pole or a
south pole) of the magnet field of the opposed rotor 124 and
generate a signal at a level corresponding to the detected
polarity. To be specific, an “H” level signal is generated at the
detection of a north pole, and an “L” level signal is generated
atthe detection of a south pole. A controller 120 is made up of
a rotor position detector 121 and a power driver 122.

When receiving a normal rotation command from a micro-
computer 123, the rotor position detector 121 generates a
driving signal pattern corresponding to one of six polarity
patterns of the driving coils U, V, and W, in response to the
output patterns of the Hall elements A, B, and C of the first
motor 71a.

The driving signal pattern generated by the rotor position
detector 121 is advanced to rotate the rotor 124, and an
advanced rotating magnetic field is generated on the driving
coils U, V, and W. Hence, the rotor 124 of the first motor 71a
is rotated by an advanced rotating magnetic field during a
normal operation.

The power driver 122 passes, through the driving coils U,
V, and W, the exciting current of an energization pattern
corresponding to the driving signal pattern generated by the
rotor position detector 121. To be specific, the power driver
122 switches on/off the switching element according to the
driving signal pattern generated by the rotor position detector
121, and switches the excitation phases of the stator of the first
motor 71a. In other words, the power driver 122 applies a
positive potential and a negative potential to the respective
two-phase driving coils determined according to the driving
signal pattern generated by the rotor position detector 121,
and passes exciting current through the two-phase driving
coils.

FIGS. 16(i) to 16(vi) show the relationship between the six
polarity patterns of the driving coils U, V, and W and the
position of the rotor 124. The driving coils U, V, and W are
wound so as to be magnetized to a north pole at the applica-
tion of a positive potential and magnetized to a south pole at
the application of a negative potential. In this case, when a
positive polarity phase fed with a positive potential, a nega-
tive polarity phase fed with a negative potential, and a phase
not fed with exciting current are determined, the position of
the rotor 124 is set at a location in one rotation of the rotor
124. In other words, the phases magnetized by the exciting
current and the north pole and the south pole of the permanent
magnet of the rotor 124 are attracted to each other in balance,
so that the position of the rotor 124 is set. Further, the current
position of the rotor 124 can be detected from the output
patterns of the Hall elements A, B, and C.

During energization to the second motor 72a shown in FI1G.
14, exciting current is not passed through any one of the
driving coils U, V, and W of the first motor 71a. Mixing and
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agitation are laterally performed on the rotor 124 and the
turntable 101 by swinging the lever 79.

When the control section 109 reversely rotates the third
motor 73a to separate the second gear 80 from the first gear
74, the microcomputer 123 detects the current position of the
rotor 124 from the output patterns of the Hall elements A, B,
and C, and the exciting current is passed through the two
proper phases of the driving coils U, V, and W, so that the
turntable 101 and the analyzing device 1 are locked in the
closest one of the states of FIGS. 16(i) to 16(vi). Thus it is
possible to avoid a state in which a liquid such as a sample
liquid in the analyzing device 1 moves from a predetermined
position when the second gear 80 is separated from the first
gear 74.

Alternatively, before the control section 109 rotates the
third motor 73« in a forward direction to engage the second
gear 80 with the first gear 74, the microcomputer 123 stores
the current position of the rotor 124 by storing the output
patterns of the Hall elements A, B, and C. When the control
section 109 reversely rotates the third motor 734 to separate
the second gear 80 from the first gear 74, the exciting current
is passed through the two proper phases of the driving coils U,
V, and W s0 as to generate patterns similar to the stored output
patterns of the Hall elements A, B, and C, so that the position
of the analyzing device 1 does not change before and after
mixing and agitation. Thus it is possible to avoid a state in
which a liquid such as a sample liquid in the analyzing device
1 moves from the predetermined position.

In the present embodiment, the lever 79 of the second drive
part 72 is brought close to the turntable 101. In the agitation
and swinging of the analyzing device 1, the turntable 101 may
be brought close to the lever 79 of the second drive part 72 to
cause the first and second gears 74 and 80 to mesh each other.
Alternatively, in the agitation and swinging of the analyzing
device 1, the turntable 101 of the first drive part 71 and the
lever 79 of the second drive part 72 may be brought close to
each other to cause the first and second gears 74 and 80 to
mesh with each other. The analyzing device 1 can be agitated
and swung by relatively moving the first drive Part 71 and the
second drive part 72 by the third drive part 73 to a position
where the lever 79 and the turntable 101 are engaged with
each other and a position where the lever 79 and the turntable
101 are not engaged with each other.

In the foregoing embodiments, the second drive part 72 is
driven in engagement with the first gear 74 provided on the
turntable 101. The first gear 74 may be formed on the outer
periphery of an outer rotor 90 of the first motor 714, and the
second gear 80 of the second drive part 72 may mesh with the
first gear 74. Alternatively, the swingingly driven second
drive part 72 may come into contact with the outer periphery
of the outer rotor 90 of the first motor 71a to laterally recip-
rocate the analyzing device 1 with respect to a rotation axis
107 with a predetermined amplitude range and a predeter-
mined period.

Fourth Embodiment

FIGS. 17 and 18 show a centrifugal separator installed in a
blood analyzing apparatus according to the present invention.
A door 103 of the blood analyzing apparatus is opened as in
FIG. 5. An analyzing device 1 is set on a turntable 101 as in
FIG. 6.

The analyzing device 1 has a passage for injecting a sample
liquid such as blood and urine to perform centrifugal separa-
tion and agitation. On the top surface of the turntable 101, a
groove 102 is formed. In a state in which the analyzing device
1 is set on the turntable 101, a rotary support part 115 formed
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on a cover substrate 4 of the analyzing device 1 and a rotary
support part 116 formed on a protective cap 2 are engaged
with the groove 102, so that the analyzing device 1 is stored.

After the analyzing device 1 is set on the turntable 101, the
door 103 ofthe analyzing apparatus is closed before a rotation
of the turntable 101, so that the set analyzing device 1 is
pressed to the side of the turntable 101 by a movable piece 104
provided on the side of the door 103, by a biasing force of a
spring 105 at a position on the rotation axis of the turntable
101. Thus the analyzing device 1 rotates together with the
turntable 101 that is rotationally driven by a rotational drive
section 106. Reference numeral 107 denotes the axis of rota-
tion of the turntable 101.

As shown in FIGS. 17 and 18, the rotational drive section
106 is made up of a first drive part 71 for rotationally driving
the turntable 101 about the rotation axis 107, a second drive
part 72 that comes into contact with the turntable 101 and
reciprocates in the tangential direction of the turntable 101
with respect to a vibration center R2 orthogonal to the rotation
axis 107, and a third drive part 73 that brings the turntable 101
and the second drive part 72 into contact with each other only
in agitation and separates the turntable 101 and the second
drive part 72 during centrifugal separation. The third drive
part 73 is made up of a power source such as a direct-current
motor and an electromagnetic plunger. In order to efficiently
transmit vibrations when the turntable 101 and the second
drive part 72 are in contact with each other, the contact sur-
faces of the turntable 101 and the second drive part 72 may be
made of a material having a high coefficient of friction or may
have gear structures meshing with each other.

In a specific example of FIGS. 1 to 4, the contact surfaces
of the second drive part 72 and the turntable 101 have gear
structures meshing with each other and the third drive part 73
is made up of a direct-current motor.

The first drive part 71 for rotating the set analyzing device
1 is made up a first motor 71a and the turntable 101 that is
mounted on the output shaft of the first motor 71a and has the
analyzing device 1 set thereon. On the outer periphery of the
turntable 101, a first gear 74 is formed. The first motor 71a is
made up of a brushless motor of outer rotor type.

In addition to the first drive part 71, the rotational drive
section 106 includes the second drive part 72 that is selec-
tively engaged with the first drive part 71 and reciprocates the
analyzing device 1 to laterally reciprocate the turntable 101 at
apredetermined stop position with respect to the rotation axis
107 with a predetermined amplitude range and a predeter-
mined period, and a third drive part 73 for relatively moving
the first and second drive parts 71 and 72 to a position where
the first and second drive parts 71 and 72 are engaged with
each other (FIG. 1(b)) and a position where the first and
second drive parts 71 and 72 are not engaged with each other
(FIG. 1(a)).

The second drive part 72 and the third drive part 73 are
configured as shown in FIGS. 2 to 4. On a chassis 75 where
the first motor 71a is attached, a second motor 724, a third
motor 73a, and so on are attached. On a support table 77
attached to the chassis 75 so as to slide along an arrow 76 (see
FIGS. 1(a) and 2), a support shaft 78 is mounted.

Further, a lever 79 is pivoted on the support shaft 78. On
one end of the lever 79 on the side of the turntable 101, a
second gear 80 is formed so as to mesh with the first gear 74
of the turntable 101. On the other end of the lever 79, a
recessed portion 81 is formed. On the recessed portion 81, an
eccentric cam 83 is engaged that is attached to an output shaft
82 ofthe second motor 724. FIG. 4 is a plan view showing that
the lever 79 has been removed from the support shaft 78.
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With this configuration, when the second motor 72a is
energized, the lever 79 swings between a solid line position
and a virtual line position via the eccentric cam 83.

The lever 79 is urged by a helical spring (not shown) to
reduce the backlash of the lever 79 during the swinging.

The third drive part 73 is made up of the third motor 73a
attached to the chassis 75, a worm 85 attached to an output
shaft 84 of the third motor 73a, a worm wheel 86 that is
rotationally attached to the chassis 75 and meshes with the
worm 85, and a rack 87 that is formed on the support table 77
and meshes with the worm wheel 86. Between the support
table 77 and the chassis 75, an extension spring 88 is inter-
posed to reduce backlash between the worm wheel 86 and the
rack 87.

With this configuration, the third motor 73a is energized to
rotate the worm wheel 86 along an arrow 89 (see FIG. 1(a))
until a detection switch 91 detects the support table 77 as
shown in FIG. 1(b), so that the support table 77 on which the
rack 87 meshes with the worm wheel 86 slides close to the
turntable 101 and the second gear 80 of the lever 79 meshes
with the first gear 74 of the turntable 101 as shown in FIG.
1(). In this state, the second motor 72a kept energized
enables the lever 79 to swingingly drive the turntable 101 in
the tangential direction of the turntable 101. Thus by increas-
ing the number of revolutions of the second motor 724, accel-
eration high enough to agitate a small amount of fluid in the
analyzing device 1 can be obtained even in a short time.

In FIG. 19, the first motor 71a is a quadrupole magnet
three-phase brushless motor using a quadrupole magnet rotor
306, a U-phase driving coil 307, a V-phase driving coil 308, a
W-phase driving coil 309, a U-phase driving coil 310, a
V-phase driving coil 311, and a W-phase driving coil 312. The
magnet rotor 306 has two pairs of north-pole and south-pole
magnets. The driving coils 307, 308, 309, 310, 311, and 312
make Y connections and are wound on the respective six
protrusions of a stator. The six protrusions are spaced at
intervals of 60°.

The exciting currents of the three-phase driving coils are
switched based on the detection of three Hall elements 313,
314, and 315 acting as magnetic sensors. The three Hall
elements 313, 314, and 315 are arranged so as to be displaced
from the respective three-phase driving coils U, V, and W by
30°. The Hall elements detect the polarity (a north pole or a
south pole) of the magnetization of the opposed magnet rotor
306 and generate an electromotive force at a level correspond-
ing to the detected polarity.

FIG. 20 shows the angular characteristics of voltages out-
putted from the Hall elements 313, 314, and 315 of the qua-
drupole magnet three-phase brushless motor. The horizontal
axis represents a rotation angle when the magnet rotor has an
angle of 0°. The vertical axis represents the output voltages of
the Hall elements. The voltages from the Hall elements 313,
314, and 315 are outputted to the positive side relative to a
reference voltage Vref when the north pole comes close to the
Hall elements, and the voltages are outputted to the negative
side when the south pole comes close to the elements. Since
the magnet rotor 306 has the north and south poles arranged at
intervals of 90°, the Hall element voltages each have a sinu-
soidal wave with a period of 180°. Further, the Hall elements
313, 314, and 315 are phase shifted by 60 mechanical
degrees.

One of the output voltages of the Hall elements 313, 314,
and 315 is inverted every 30° relative to Vref. Thus the output
voltage is converted into a digital signal by a comparator
circuit ata high level on the positive side and alow level on the
negative side relative to Vref, so that a rotational position can
be specified every 30° based on the output patterns of the Hall
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elements 313, 314, and 315. The output patterns of the Hall
elements 313, 314, and 315 are used as the switching timing
of the exciting currents of the three-phase driving coils.

FIG. 21 shows the relationship between the six polarity
patterns of the three-phase driving coils of the quadrupole
magnet three-phase brushless motor and the position of the
magnet rotor. The state of (i) is defined as an angle of 0°. The
states of the magnet rotor 6 at intervals of 30° are shown in
(1)—=(i1)—(1i1)—=(iv)—(v)—(vi) and correspond to the rota-
tion angles of FIG. 20. Of the three-driving coils of U phase,
V phase, and W phase in Y connections, the V phase has a
positive potential and the U phase has a negative potential in
(1), so that exciting current passes from the V phase to the U
phase, a north pole appears in the V phase, and a south pole
appears in the U phase. Thus an attractive force and a repul-
sive force are generated on the magnet rotor 306 and the
magnet rotor 306 is rotated clockwise by 30°. After the rota-
tion of 30°, the polarity of the Hall element 315 is reversed in
(ii). At this point, the W phase is set at a positive potential and
the U phase is set at a negative potential, so that a north pole
appears in the W phase, a south pole appears in the U phase,
and the magnet rotor 306 is further rotated clockwise by 30°.
After that, the magnet rotor 306 is rotated by changing the
exciting coils as shown in (ii1)—=({iv)—=(v)—=(vi).

FIG. 22 shows the states of energization to the Hall ele-
ments 313, 314, and 315 and the driving coils of U phase, V
phase, and W phase. FIG. 23 shows a vibration detecting
section 401 of the centrifugal separator.

In the centrifugal separator, a vibration frequency during
agitation is detected based on the output signals of the Hall
elements. In other words, even when the three-phase driving
coils of the first motor 71a are not excited, vibrations trans-
mitted to the turntable 101 by the second drive part 72 also
vibrate the first motor 71a, so that the voltages of the three
Hall elements 313, 314, and 315 fluctuate with the vibrations.
The fluctuations are detected to specify a vibration frequency.

FIG. 23 shows an example in which the output voltages of
the Hall elements 313 and 315 are extracted out of the three
Hall elements. The output voltage of the Hall element 314
may be extracted.

The detection output of the Hall element 313 is connected
to the non-inverting input (+) of a comparator 320 via a filter
316, which removes a direct-current signal from the output
signal of the Hall element 313, and a peak hold circuit 318.
The detection output of the Hall element 315 is connected to
the inverting input (-) of the comparator 320 via a filter 317,
which removes a direct-current signal from the output signal
of the Hall element 315, and a peak hold circuit 319.

The filters 316 and 317 remove the direct-current signals
from the input signals, extract the frequency, components
(alternating-current signals) of vibration frequencies, and
output the frequency components. To be specific, the filters
316 and 317 are each made up of a bypass filter including a
capacitor and a resistor. The capacitors of the filters 316 and
317 are placed in series with the respective output signals of
the Hall elements 313 and 315 and the resistors are placed in
parallel with the respective output signals.

The peak hold circuits 318 and 319 each hold the peak
value of an inputted voltage and then output the voltage. To be
specific, the peak hold circuits 318 and 319 each operate only
in response to the input of a voltage larger than a previously
inputted voltage, and hold the current input voltage for a
certain period of time.

The comparator circuit 320 compares the output signals of
the peak hold circuits 318 and 319. When the output signal of
the peak hold circuit 318 is larger than that of the peak hold
circuit 319, the comparator circuit 320 outputs a high-level
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control signal 320a. When the output signal of the peak hold
circuit 318 is smaller than that of the peak hold circuit 319, the
comparator circuit 320 outputs a low-level control signal
320a. In other words, the peak hold circuits 318 and 319 and
the comparator circuit 320 constitute a first comparing sec-
tion 410 for comparing the amplitudes of the output signals of
the filters 316 and 317 and deciding which of the amplitude is
larger.

The outputs of the filters 316 and 317 are connected to the
non-inverting input (+) of a comparator circuit 323, which
acts as a second comparing section, via an analog multiplexer
321 whose output states are switched in response to the con-
trol signal 320a outputted from the comparator circuit 320,
and an alternating current amplifier circuit 322. The inverting
input (-) of the comparator circuit 323 is fed with a threshold
voltage V324 from a voltage source 324.

The analog multiplexer 321 selects one having a larger
vibration amplitude out of the output signals of the two Hall
elements 313 and 315, which are AC-coupled by the filters
316 and 317, based on the control signal 320q, and then the
analog multiplexer 321 outputs the selected signal. The out-
put signal of the analog multiplexer 321 is amplified in the
alternating current amplifier circuit 322 to an amplitude
enabling binarization, and is digitally converted in the com-
parator circuit 323 by the threshold voltage V324.

When the reference voltage is set at Vref after the direct-
current signals are removed in the filters 316 and 317, the
alternating-current signal is outputted with Vref serving as
the amplitude center. Thus by setting the threshold voltage
V324 at the same voltage as Vref, digital conversion can be
performed at the amplitude center.

The output of the comparator circuit 323 is inputted to a
microcomputer 325, and the vibration frequency of the turn-
table 101 is calculated by measuring a pulse period in the
microcomputer 325.

Referring to FIGS. 24 to 27, the vibration detecting section
401 will be specifically described below.

FIG. 24 shows the time variations of the output voltages of
the AC-coupled Hall elements when the quadrupole magnet
three-phase brushless motor serving as the first drive part 71
is vibrated in the range of an angle a. FIG. 25 shows the time
variations of the peak hold voltages in this case.

In the following explanation, it is assumed that the input/
output characteristics of the comparator 320 exhibit no hys-
teresis.

In reciprocating vibrations at a frequency of 20 Hz in the
range of the angle ., that is, from 210 mechanical degrees to
240 mechanical degrees, the vibrations cause fluctuations as
shown in FIG. 24. At this angle, the signal from the Hall
element 315 has a vibration frequency of 20 Hz that is a
correct vibration frequency. However, the signal from the
Hall element 313 vibrates around the peak of the sinusoidal
wave, so that the vibration amplitude decreases and the vibra-
tion frequency is doubled. For this reason, a correct vibration
frequency cannot be obtained.

In this case, as shown in FI1G. 25, the Hall element 313 has
alarger peak hold voltage than the Hall element 315. Thus the
output of the Hall element 315 having a larger vibration
amplitude can be selected in the analog multiplexer 321, so
that the correct signal can be extracted based on the vibration
frequency.

FIG. 26 shows the time variations of the output voltages of
the AC-coupled Hall elements when the quadrupole magnet
three-phase brushless motor serving as the first drive part 71
is vibrated in the range of an angle . FIG. 27 shows the time
variations of the peak hold voltages in this case.
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In this case, the states are reversed from those of FIGS. 24
and 25. In vibrations in the range of the angle f3, a correct
vibration frequency can be obtained from the Hall element
313 but a vibration frequency from the Hall element 315 is
doubled. However, the signal from the Hall element 315 can
be selected by comparing the peak hold voltages. Thus also in
this case, the correct signal can be extracted based on the
vibration frequency.

As previously mentioned, the brushless motor of Hall ele-
ment type is used as the first drive part 71, the two Hall
element signals 313 and 315 are extracted from the multiple
Hall elements 313, 314, and 315 to compare the vibration
amplitudes, and the signal having a larger vibration amplitude
is extracted. This configuration can act as a centrifugal sepa-
rator for centrifugal separation and a sensor for controlling
agitation, thereby eliminating the need for providing a sensor
for controlling agitation in addition to the first drive part 71.

The explanation described an example of the reciprocating
vibrations of the turntable 101 from 210 mechanical degrees
to 240 mechanical degrees and an example of the reciprocat-
ing vibrations of the turntable 101 from 240 mechanical
degrees to 270 mechanical degrees. As shown in FIG. 20, the
output signal of the Hall element 313 and the output signal of
the Hall element 315 intersect at points P1, P2, P3, and P4.
Thus the operations become unstable and a correct vibration
frequency cannot be calculated in the reciprocating vibrations
of the turntable 101 from O mechanical degrees to 30
mechanical degrees, in the reciprocating vibrations of the
turntable 101 from 90 mechanical degrees to 120 mechanical
degrees, in the reciprocating vibrations of the turntable 101
from 180 mechanical degrees to 210 mechanical degrees, and
in the reciprocating vibrations of the turntable 101 from 270
mechanical degrees to 300 mechanical degrees.

Thus the comparator 320 of FIG. 23 has input/output char-
acteristics exhibiting hysteresis.

FIG. 28 is a characteristic diagram showing the output
voltages of the AC-coupled Hall elements 313 and 315 in the
reciprocating vibrations of the turntable 101 with the vibra-
tion center disposed at the angle of one of the points P1 to P4
shown in FI1G. 20. FIG. 29 is a characteristic diagram showing
the peak hold voltages.

As shown in FIG. 28, in vibrations around P1 to P4 of FIG.
20, the output signals of the Hall elements 313 and 315 are in
opposite phase and have the vibration amplitudes at the same
level.

As shown in FIG. 29, the Hall element 313 has a larger peak
hold voltage immediately after the start of vibrations but the
peak hold voltage of the Hall element 315 increases with the
passage of time. Finally, the peak hold voltages of the Hall
elements 313 and 315 are kept at the same level.

FIG. 30 is an input/output characteristic diagram of the
comparator circuit 320. The horizontal axis represents a value
obtained by subtracting the output of the peak hold 19 from
the output of the peak hold circuit 318, and the vertical axis
represents the output signal.

When the peak hold voltages are kept at the same level as
shown in FIG. 29, the input signal of the comparator circuit
320 becomes zero and the output signal produces chattering.
Since the output signals of the Hall elements 313 and 315 are
in opposite phase, chattering that switches the selection signal
of'the analog multiplexer 321 causes phase inversion, so that
a vibration frequency is erroneously detected.

The problem of erroneous detection can be solved by pro-
viding a hysteresis characteristic for the comparator circuit
320. FIG. 31 is an input/output characteristic diagram when
the hysteresis characteristic is provided for the comparator
circuit 320. The horizontal axis represents an input signal
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obtained by subtracting the peak hold circuit 319 from the
peak hold circuit 318, and the vertical axis represents the
output signal.

A comparison between FIGS. 30 and 31 proves that when
the comparator circuit 320 does not have a hysteresis charac-
teristic, a high level and a low level are switched as shown in
FIG. 30 at “0” level serving as a threshold value, whereas the
comparator circuit 320 is provided with a hysteresis charac-
teristic so as to have a first threshold value Thl where the
output signal is at high level and a second threshold value Th2
where the output signal is at low level. In this case, a dead
zone (Th1-Th2) of FIG. 31 is formed where the output is not
changed by fluctuations of the input signal and an output fixed
at one of high level and low level is hardly inverted.

To be specific, in FIG. 29, the peak hold voltage of the Hall
element 313 is larger than that of the Hall element 315 imme-
diately after the start of vibrations, the input of the comparator
circuit 320 reaches at least the first threshold value Th1, and
the input of the comparator circuit 320 is fixed at high level.
After that, the peak hold voltages ofthe Hall elements 313 and
315 are at the same level and thus the input of the comparator
circuit 320 becomes “0”. However, the input of the compara-
tor circuit 320 does not decrease to the second threshold value
Th2 or less and thus is not switched to low level.

Thus the selection of the analog multiplexer 321 in
response to the control signal 320a of the comparator circuit
320 is kept at one of the Hall elements 313 and 315 and the
comparator circuit 320 is not switched during vibrations, so
that the vibration frequency can be accurately detected.

The dead zone (Th1-Th2) where the control signal 320q is
not switched is determined by the noise amplitudes of the
output signals of the two peak hold circuits 318 and 319. FIG.
32 is an enlarged view of the vertical axis (voltage range) of
FIG. 29. When the dead zone (Th1-Th2) is smaller than the
noise amplitudes of output signals 3184 and 3194 of the two
peak hold circuits 318 and 319, the comparator is switched in
response to noise. Thus it is desirable to provide the dead zone
(Th1-Th2) at least twice the noise amplitudes.

Fifth Embodiment

FIG. 33 shows a vibration detecting section 401 of a cen-
trifugal separator according to a fifth embodiment of the
present invention.

In FIG. 23 showing the fourth embodiment, the comparator
circuit 320 is provided with the hysteresis characteristic, so
that a correct vibration frequency can be calculated regardless
of'the position of the turntable 101 vibrated in a reciprocating
manner. In the vibration detecting section 401 of FIG. 33,
instead of a hysteresis characteristic for a comparator circuit
320, a D flip-flop 330 is provided as a latch. Other configu-
rations are the same as those of the fourth embodiment.

The D flip-flop 330 has an input terminal D fed with a
control signal 32a, and the switching state of an analog mul-
tiplexer 321 is controlled by a signal from an output terminal
Q of the D flip-flop 330.

The D flip-flop 330 outputs the signal level of the input
terminal D to the output terminal Q at a rising edge of a digital
signal inputted from a microcomputer 325 to a clock terminal
CLK. The output of the output terminal Q is kept until another
rising edge is inputted to the clock terminal CLK.

After the start of vibrations, a pulse is transmitted from the
microcomputer 325 to the clock terminal CLK of the D flip-
flop 330 and the control signal at that time is held in the analog
multiplexer 321. Thus even when the control signal 320« is
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switched, the selection state of the analog multiplexer 321 is
not switched, thereby achieving the same effect as the hys-
teresis characteristic.

Sixth Embodiment

FIGS. 34 and 35 show a vibration detecting section 401 of
acentrifugal separator according to a sixth embodiment of the
present invention.

In FIG. 23 showing the fourth embodiment, a vibration
frequency is calculated using the outputs of the two Hall
elements 313 and 315 as input signals. FIG. 34 is different
from the fourth embodiment in that a vibration frequency is
calculated using the outputs of three Hall elements 313, 314,
and 315 as input signals. To be specific, FIG. 34 is different
from the fourth embodiment in that a three-to-one analog
multiplexer 327 is provided to extract the outputs of the three
Hall elements and an analog-to-digital converter 328 is pro-
vided to replace signal processing performed by a peak detec-
tion circuit and a comparator with numerical calculation per-
formed by a microcomputer 325.

InFIG. 34, reference numeral 327 denotes the three-to-one
analog multiplexer that has three circuits a, b, and ¢ on the
input and one circuit on the output. The input of the three-to-
one analog multiplexer 327 receives the outputs of the Hall
elements 313, 314, and 315 through filters 316, 326, and 317.
The analog multiplexer 327 is controlled by a signal from the
microcomputer 325. For example, when receiving a 2-bit
signal of “00” from the microcomputer 325, the analog mul-
tiplexer 327 selects “input a”. When receiving “01”, the ana-
log multiplexer 327 selects “input b”. When receiving “10”,
the analog multiplexer 327 selects “input ¢”. The output of the
analog multiplexer 327 is converted to a multilevel signal in
the analog-to-digital converter 328 and is transferred to the
microcomputer 325. External memory 329 is made up of
volatile memory such as SRAM and nonvolatile memory
such as EEPROM and bidirectionally communicates stored
data with the microcomputer 325.

FIG. 35 is a process drawing showing the detection of the
vibration frequency of the microcomputer 325.

In the following explanation, “set” is a state in which a
second drive part 72 is engaged with a turntable 101 and
“start” is timing when vibration and agitation are started after
the setting.

First, in step S11, the output of the analog multiplexer 327
is switched to the selection state of “input a”.

In step S12, a fixed number of output signals from the Hall
element 313 are sampled from the output of the analog-to-
digital converter 328.

In step S13, a peak value is detected from the output signals
from the Hall element 313 after the output signals are sampled
in step S12.

In step S14, the peak value detected in step S13 is stored in
the external memory 329.

Next, in step S15, the output of the analog multiplexer 327
is switched to the selection state of “input b”. In steps S16 to
S18, output signals from the Hall element 314 are processed
as in steps S12 to S14.

After that, in step S19, the output of the analog multiplexer
327 is switched to the selection state of “input ¢”. In steps S20
to S22, output signals from the Hall element 315 are pro-
cessed as in steps S12 to S14.

Next, in step S23, the peak values of the Hall element 313,
314, and 315 in the external memory 29 are read and com-
pared with one another in step S24.
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In step S25, the switching state of the analog multiplexer
327 is fixed based on the comparison result of the peak values
in step 24 until an operation of vibration and agitation is
completed.

The comparison result of the peak values in step 24 has
three patterns of case 1 to case 3 as follows:

Case 1: Hall element 313=Hall element 314>Hall element
315

Case 2: Hall element 314=Hall element 315>Hall element
313

Case 3: Hall element 315=Hall element 313>Hall element
314

To be specific, in Case 1, the switching state of the multi-
plexer 327 is fixed at a switching state for the selection and
output of the Hall element 313. In Case 2, the switching state
of the multiplexer 327 is fixed at a switching state for the
selection and output of the Hall element 314. In Case 3, the
switching state of the multiplexer 327 is fixed at a switching
state for the selection and output of the Hall element 315.

In step S26, a threshold value is read from the external
memory 329.

In step S27, the output signals of the Hall elements are
binarized by processing the output of the analog multiplexer
327 at the threshold value read in step S26.

In step S28, the pulse period of the signal binarized in step
S27 is measured and a vibration frequency is calculated.

In this way, vibration amplitudes from the three Hall ele-
ments are compared with one another and the Hall element
having the largest vibration amplitude is extracted in the sixth
embodiment. This configuration can achieve higher detection
accuracy of a vibration frequency than in the fourth embodi-
ment in which the two Hall elements are compared with each
other. Further, the replacement with the numerical calculation
in the microcomputer 325 can simplify the configuration.

In the case where the turntable 101 is vibrated again with
the same mechanical degrees, the switching state of the ana-
log multiplexer 327 in step S25 is stored beforehand. The
stored switching state is read thereafter to have the same
switching state in the analog multiplexer 327. Thus only by
repeating a routine of steps S26 to S28, the vibration fre-
quency of the turntable 101 can be calculated.

In the foregoing embodiments, the quadrupole magnet
three-phase brushless motor is used. Any kind of brushless
motor is applicable as long as multiple Hall elements are used
to detect a rotational position.

In the foregoing embodiments, the microcomputer 325 is
provided with a routine for confirming whether a vibration
frequency calculated by the microcomputer 325 is a specified
value or not. The microcomputer 325 detects a state in which
the vibration frequency does not reach the specified value,
and notifies a user of the occurrence of the state, thereby
preventing a reduction in the analysis accuracy of a blood
component.

Seventh Embodiment

As described in the first and third embodiments, when the
second gear 80 is meshed with the first gear 74 to reciprocate
the turntable 101, the long-term operation of the analyzing
apparatus wears the second gear 80 and deforms the original
shapes of'the teeth from virtual lines to solid lines as shown in
FIG. 36.

The worn second gear 80 may change a frequency for
swinging performed to agitate a small amount of fluid in the
analyzing device set on the turntable 101, so that the analysis
accuracy may not be maintained. In a seventh embodiment for
solving the problem, an analyzing apparatus is provided that
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includes a rotational drive section capable of stably swinging
even in the case of deformation such as the wearing of a
component when the rotational drive section reciprocates a
turntable in engagement with the turntable on which the ana-
lyzing device is set.

First, mechanical configurations such as an analyzing
device 1 used for analysis and a rotational drive section 106
including a turntable 101 are identical to the configurations of
the first embodiment.

Inthe analyzing process of an analyzing apparatus 100, the
turntable 101 is rotated at high speed by a first motor 71a and
a sample liquid is transferred to a measuring chamber 40 of
the analyzing device 1. At some point of this period, in order
to temporarily stop the driving of the first motor 71a and
swing the analyzing device 1, a second gear 80 is brought
close to the turntable 101 by operating the third motor 73a and
a second motor 72a is operated.

In this example, the second motor 72« is a direct-current
motor and the rotation speed varies with an applied voltage.

After that, when the sample solution obtained by diluting a
specific component of the sample liquid with a diluent
reaches the measuring chamber 40, the driving of the first
motor 71a is temporarily stopped and the second motor 72a is
operated to swing the analyzing device 1, so that the sample
solution and a reagent set in the measuring chamber 40 are
agitated and a reaction occurs.

And then, the first motor 71a rotates the turntable 101 at
high speed again; meanwhile, detection light having passed
through the solution of the measuring chamber 40 from a light
source 112 is read by a photodetector 113, so that the com-
ponent is read.

As a result of repeated swinging, 81, 83 and members
constituting a swinging mechanism around 81 and 83 become
more slidable owing to the lubrication of applied grease
immediately after the start of use of the analyzing apparatus
100, and the load of the second motor 724 rapidly decreases
as indicated by a region a (load rapidly decreasing region) of
FIG. 38. Thus even when a voltage applied to the second
motor 72a is kept constant, the swinging frequency of the
analyzing device 1 fluctuates and the contents of agitation
become unstable.

After the end of the region a, the second gear 80 wears, the
engagement with a first gear 74 gradually decreases, and the
load of the second motor 72a gradually declines as indicated
by aregionb (load slightly decreasing region). Thus as shown
in FIG. 39, a swinging frequency in a period of the region b is
increased by Af (in FIG. 39, the swinging frequency is
increased by +4 Hz from a to ) as compared with a charac-
teristic at the end point of the region a, so that the contents of
agitation are not stabilized even in the region b.

In order to solve this problem, in the present invention, the
swinging frequency of the first motor 71a during swinging is
detected by a swinging frequency detector 521 as shown in
FIG. 37, and a microcomputer 523 acting as a controller
controls the second motor 72a so as to reduce Af through a
swinging motor drive section 524 based on the measured
swinging frequency that has been read by the swinging fre-
quency detector 521 and a table written in nonvolatile
memory 522. In the present embodiment, the first motor 71a
is made up of a brushless motor and contains a hole sensor for
detecting the mechanical degrees of a rotor. Reciprocal
motions made by agitation fluctuate the voltage of the
detected output of the hole sensor. Thus the swinging fre-
quency detector 521 detects the swinging frequency based on
the voltage fluctuations of the detected output of the hole
sensor. Further, the microcomputer 523 controls the timing of
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energization to the third motor 734 and the direction of rota-
tion via an attaching/detaching motor drive section 525 dur-
ing a swinging operation.

Immediately after the manufacturing of the analyzing
apparatus 100, the microcomputer 523 is set at learn mode. In
this learn mode, the measured value of the swinging fre-
quency detector 521 is read while a set value outputted to the
swinging motor drive section 524 is changed, and the micro-
computer 523 writes the characteristic of the region a of FIG.
39 as a table in the nonvolatile memory 522.

Ideally in this learn mode, the swinging frequency is
learned by measurement in a state in which the analyzing
device 1 is set on the turntable 101. In the present embodi-
ment, however, the swinging frequency is learned in a state in
which the analyzing device 1 is not set on the turntable 101.

At the completion of learning, the microcomputer 523 is
switched to analyzing operation mode.

The microcomputer 523 set at analyzing operation mode
runs a swinging routine 400 of FIG. 40 in synchronization
with the swinging of the analyzing process.

In step S1, the microcomputer 523 reads the table of a set
value-swinging frequency relational expression written in the
nonvolatile memory 522.

In step S2, the microcomputer 523 determines a set value
necessary for obtaining a desired swinging frequency in the
analyzing process, with reference to the table read in step S1.
Further, the microcomputer 523 sets the set value for the
swinging motor drive section 524.

In step S3, the third motor 73« is energized through the
attaching/detaching motor drive section 525 to bring the sec-
ond gear 80 close to the turntable 101, and the swinging
driving motor drive section 524 is controlled to apply a direct-
current voltage to the second motor 724, the direct-current
voltage having a voltage value corresponding to the set value.
In step S4, the analyzing device 1 is swung.

In step S5, the microcomputer 523 having detected the
passage of a specified swinging time completes the applica-
tion of the direct-current voltage from the swinging driving
motor drive section 524 to the second motor 724, and ener-
gizes the third motor 73a through the attaching/detaching
motor drive section 525 to separate the second gear 80 from
the turntable 101, so that the current swinging operation is
completed.

In step S6, a proper additional value is added to a register R
based on the swinging frequency of the swinging operation at
that time with reference to a part or the whole of an additional
value 126 shown in FIG. 41. The table 126 is determined
beforehand by a friction experiment. To be specific, in the
case where the register R has an accumulated value of N1 as
a result of the previous swinging operation and the accumu-
lated value is processed with reference to the top three lines of
the additional value table 126, the accumulated value (accu-
mulated swinging value) of the register R is increased by one
and isupdated to (N1+1)in step S6 at a swinging frequency of
10 Hz to 20 Hz determined at that time by the set value of step
S2.

In the case of processing referring to the whole of the
additional value table 126, the microcomputer 523 counts an
elapsed time since the shipment of the analyzing apparatus
from a factory or calculates an elapsed time from a difference
between date data at different times and date data upon ship-
ment from a factory. The microcomputer 523 updates the
register R with reference to the top three lines of the addi-
tional value table 126 and adds an additional value according
to the elapsed time. The additional value has a weight increas-
ing with the elapsed time. To be specific, the accumulated
value is increased by two between the third year and the fourth
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year of the elapsed time. Thus in this case, the accumulated
swinging value is updated to (N1+1+2).

At the completion of step S6 of the swinging routine 400,
an accumulated swinging value deciding routine 600 of FIG.
42 is run at a proper time, for example, immediately after the
end of the analyzing process.

In step S7, the microcomputer 523 reads the accumulated
swinging value from the register R. In step S8, the microcom-
puter 523 checks whether the accumulated swinging value
read in step S7 has exceeded a predetermined threshold value
or not.

When it is decided in step S8 that the accumulated swing-
ing value has not exceeded the threshold value, the accumu-
lated swinging value deciding routine 600 is ended to return
to the analyzing process.

When it is decided in step S8 that the accumulated swing-
ing value has exceeded the threshold value, a load fluctuation
learning routine 700 of step S9 is run. In the present embodi-
ment, the load fluctuation learning routine 700 is run in a state
in which the analyzing device 1 is not set on the turntable 101.

FIG. 43 shows the load fluctuation learning routine 700 of
the microcomputer 523.

In step S11 of'the load fluctuation learning routine 700, the
table of the latest set value-swinging frequency relational
expression written in step S1 is read from the nonvolatile
memory 522.

In step S12, a predetermined set value for learning is read.
In this case, the set value is 60.

In step S13, the third motor 73a is energized through the
attaching/detaching motor drive section 525 to bring the sec-
ond gear 80 close to the turntable 101, and the set value of 60,
which has been read in step S12, is set for the swinging motor
drive section 524. Thus swinging is performed in step S14.
During the swinging, in step S15, the swinging frequency of
the measured value outputted from the swinging frequency
detector 521 is read. When the read value is p of FIG. 44, the
shift amount of the swinging frequency is calculated in step
S16 as follows:

p-o=Af

In step S17, the table of the nonvolatile memory 522 is
updated such that Af comes close to zero. To be specific, in
FIG. 44, the point of the swinging frequency 3 measured at
the set value of 60 is rewritten into a chain line table (after
updating) on which the set value is vertically moved by AV so
as to allow the passage of the current table (before updating)
of'the nonvolatile memory 522. At this moment, the set value
for learning in the subsequent step S12 is updated to 50 that is
necessary for obtaining the swinging frequency in the
updated table.

At the completion of step S17, the microcomputer 523
returns to the analyzing process after resetting the accumu-
lated swinging value of the register R to zero in step S10 of
FIG. 42, the accumulated swinging value having been written
in step S6.

In this way, until the accumulated swinging value exceeds
the threshold value in step S8 of FIG. 42, a set value necessary
for a swinging operation at a specified swinging frequency is
determined based on the latest table of the latest set value-
swinging frequency relational expression read from the non-
volatile memory 522 every time swinging is designated in the
analyzing process, and the swinging operation is performed
in step S4. After that, the accumulated swinging value is
updated in step S6. Thus the table of the nonvolatile memory
522 updated by running the load fluctuation learning routine
700 of FIG. 43 at a proper time according to the contents of
the swinging operation, so that even when the load of the
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second motor 72« fluctuates in the region a and the region b,
it is possible to stabilize the swinging frequency during
swinging, thereby eliminating variations in analysis.

The following will more specifically describe the stabili-
zation of the swinging frequency during swinging.

In the case where the load fluctuation learning routine 700
of FIG. 43 is not run and the analyzing apparatus is operated
over an extended period by using a set value upon shipment
from a factory as a set value for instructing the swinging
motor drive section 524, the instruction to the swinging motor
drive section 524 is continued using the set value upon ship-
ment from the factory as a set value regardless of the occur-
rence of deformation such as the wearing of a component.
Thus even when the swinging operation is started at the set
value and the swinging frequency is stabilized, the swinging
frequency at this point is increased from a required swinging
frequency by Afbecause of the deformation such as the wear-
ing of the component. Further, the swinging frequency is
caused to reach the target swinging frequency during feed-
back control, so that a response time from the start of swing-
ing to the arrival at the swinging frequency is increased and
the contents of agitation are not stabilized in the response
time.

Contrarily, in the present embodiment where the accumu-
lated swinging value deciding routine 600 of FIG. 42 is run
and the load fluctuation learning routine 700 of FIG. 43 is
automatically run, a value learned to decrease Af without
reference to the table written in the nonvolatile memory 522
is used as a set value to instruct the swinging motor drive
section 524. Thus Af can be reduced as compared with the
case where the set value upon shipment from a factory is used
as a set value, and it is possible to shorten a response time
when the swinging frequency is caused to reach the target
swinging frequency during feedback control, thereby stabi-
lizing the contents of agitation in the response time.

In the present embodiment, swinging is performed in step
S4 with reference to the table of the set value-swinging fre-
quency relational expression learned in a state in which the
analyzing device 1 is not set on the turntable 101. When the
swinging frequency is measured while the set value is
changed with the analyzing device 1 set on the turntable 101,
a characteristic P2 in FIG. 45 and a characteristic P1 plotted
when the analyzing device 1 is not set on the turntable 101 are
substantially aligned with each other in a low-frequency
swinging range of less than 25 Hz. In a high-frequency swing-
ing range exceeding 25 Hz, however, a swinging frequency
when the analyzing device 1 is set on the turntable 101 tends
to be lower even at the same set value than in the case where
the analyzing device 1 is not set on the turntable 101.

For this reason, when swinging is performed in the high-
frequency swinging range, the characteristic P1 written in the
nonvolatile memory 522 is multiplied by a specified coeffi-
cient for each swinging frequency to calculate the character-
istic P2, the contents of the nonvolatile memory 522 are
rewritten to the calculation result, and then step S4 is per-
formed. Thus it is possible to swing the analyzing device 1 at
a correct swinging frequency over a wide range from the
low-frequency swinging range to the high-frequency swing-
ing range.

Alternatively, without converting the characteristic P1 to
the characteristic P2, the set value may be changed, the
swinging frequency may be learned, the characteristic P2
may be written into the nonvolatile memory 522, and then
step S4 may be performed in a state in which the analyzing
device 1 is set on the turntable 101.

In the foregoing embodiments, the second drive part 72 is
driven in engagement with the first gear 74 provided on the
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turntable 101. The first gear 74 may be formed on the outer
periphery of the outer rotor 90 of the first motor 71a and the
second gear 80 of the second drive part 72 may mesh with the
first gear 74.

In the examples of the foregoing embodiments, the second
gear 80 of the rotational drive section 106 gradually wears
and the swinging frequency fluctuates. In the second embodi-
ment of FIGS. 11 and 12, the rotational drive section 106 is
configured such that the friction member 202 provided on one
end of the lever 79 is brought into contact with the outer
periphery of the turntable 101 to engage the turntable 101
with the lever 79. Also in this case, the friction member 202
may wear with the progress of an operation and cause an
unstable swinging frequency, and Af can be similarly con-
trolled to decrease.

Eighth Embodiment

Inthe load fluctuation learning routine 700 according to the
foregoing embodiments, the current solid-line table of the
nonvolatile memory 522 in FIG. 44 is rewritten in steps S16
and S17 into the chain line table on which the set value is
vertically moved by AV. By updating the contents of the
nonvolatile memory 522 to results learned at multiple points
as shown in FIGS. 46 to 48, more precise control can be
achieved.

In the present embodiment, the current table of nonvolatile
memory 522 has a characteristic P1 shown in FIG. 47. (x1,
yl), (x2,y2), (x3, y3), (x4, y4), and (x5, y5) are the multiple
points of the characteristic P1.

In step S12-a of FIG. 46, the set values corresponding to
the swinging frequencies at the multiple points (y1 to yn) are
determined based on the table of the latest set value-swinging
frequency relational expression. The table has been read from
the nonvolatile memory 522 in step S11. In this case, the
multiple points are five points of y1 to y5 and the set values of,
for example, y1=40, y2=60, y3=80, y4=100, and y5=120 are
set as shown in FIG. 47.

In step S13-a, a third motor 73a is energized through an
attaching/detaching motor drive section 525 to bring a second
gear 80 close to a turntable 101 and a swinging motor drive
section 524 is instructed to operate.

In step S134, the contents of a specific register in a micro-
computer 523 are set at yn=y1. The register stores a measure-
ment endpoint from the start of learning.

In step S14, a set value of 40 is set for the swinging motor
drive section 524 based on y1 of the contents of the specific
register and swinging is performed.

In step S15, a swinging frequency xn=x11 measured by the
swinging frequency detector 521 at this moment is read.

In step S16-a,x11 read in step S15 is stored in RAM of'the
microcomputer 523 so as to correspond to the set value y1.

In step S16-5, it is decided whether or not the number of
measured points is five, which is a specified value, after the
completion of learning. In the case of yn=y5, the contents of
the specific register are updated to yn+1 in step S16-c and the
process returns to step S14. Thus in the subsequent step S14,
a set value of 60 is set for the swinging motor drive section
524 and swinging is performed. In step S15, a swinging
frequency xn=x21 measured by the swinging frequency
detector 521 is read. In step S16-a, x21 read in step S15 is
stored in the RAM of the microcomputer 523 so as to corre-
spond to the set value y2.

Until yn=y5 is detected in step S16-b, a routine of step
S16-¢ to step S16-a is repeated to learn (x11, y1), (x21, y2),
(x31,y3), (x41, y4), and (x51, y5).
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In step S16-d, a line 1 between (x11, y1) and (x21, y2)
undergoes linear approximation, a line 2 between (x21, y2)
and (x31, y3) undergoes linear approximation, a line 3
between (x31, y3) and (x41, y4) undergoes linear approxima-
tion, and a line 4 between (x41, y4) and (x51, y5) undergoes
linear approximation. The contents of the nonvolatile
memory 522 are updated to a table containing the line 1, the
line 2, the line 3, the line 4, a line located under (x11, y1) and
designated as the line 1, and a line located above (x51, y5) and
designated as the line 4. FIG. 48 shows a specific example of
the calculation of the lines 1 to 4.

In the foregoing embodiments, the nonvolatile memory
522 isupdated in a state in which the analyzing device 1 is not
set upon shipment from a factory and the subsequent learning.
Thus the nonvolatile memory 522 can be updated to an opti-
mum value in a standby time until power is supplied to the
analyzing apparatus and the analyzing device 1 is set. As
previously mentioned, the nonvolatile memory 522 can be
updated in a state in which the analyzing device 1 is set upon
shipment from a factory and the subsequent learning.

INDUSTRIAL APPLICABILITY

According to the present invention, the mixing and agita-
tion of an analyzing device used for analyzing a component of
a liquid collected from an organism and the like can be per-
formed in a short time. Further, it is possible to keep analysis
accuracy and improve analysis efficiency.

The invention claimed is:

1. A driving apparatus for an analyzing apparatus in which
an analyzing device is set, the analyzing device having a
microchannel structure for transferring a sample liquid to a
measuring chamber located in the microchannel structure by
a centrifugal force generated by rotationally driving the ana-
lyzing device,

the driving apparatus comprising:

a turntable for holding the analyzing device in which the

sample liquid has been injected;

afirst drive part including magnetic material, the first drive

part configured to rotationally drive the turntable, the
first drive part also including at least two stationary
magnetic sensors to detect a rotating magnetic field gen-
erated by the magnetic material;

a second drive part selectively engaged with the turntable

to generate reciprocating vibrations on the turntable; and

a vibration detecting section configured to select an output

signal having a largest amplitude from output signals of
the magnetic sensors and calculate a vibration frequency
from the selected output signal.

2. The driving apparatus for the analyzing apparatus
according to claim 1, wherein the first drive part has a rotary
motor that is a three-phase brushless motor.
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3. The driving apparatus for the analyzing apparatus
according to claim 1, wherein the vibration detecting section
comprises:

filters configured to extract two of the output signals of the
magnetic sensors and remove direct-current signals;

a first comparing section configured to compare ampli-
tudes of the output signals of the filters to decide which
of the amplitudes is larger, and store a decision result;

a multiplexer configured to select the signal having the
largest amplitude from the output signals of the filters
based on the decision result stored in the first comparing
section;

a second comparing section configured to digitally convert
the output signal selected by the multiplexer; and

a microcomputer configured to calculate a vibration fre-
quency from an output signal of the second comparing
section.

4. The driving apparatus for the analyzing apparatus
according to claim 1, wherein the vibration detecting section
comprises:

filters configured to remove direct-current signals from the
output signals of the at least two magnetic sensors;

a multiplexer configured to select one of output signals of
the filters;

an analog-to-digital converter configured to digitally con-
vert an output signal of the multiplexer; and

a microcomputer configured to calculate a vibration fre-
quency from an output signal of the analog-to-digital
converter.

5. A driving apparatus for an analyzing apparatus in which
an analyzing device is set, the analyzing device having a
microchannel structure for transferring a sample liquid to a
measuring chamber located in the microchannel structure by
a centrifugal force generated by rotationally driving the ana-
lyzing device, the driving apparatus comprising:

a turntable for holding the analyzing device in which the

sample liquid has been injected;

a first drive part including magnetic material, the first drive
part configured to rotationally drive the turntable, the
first drive part also including at least two stationary
magnetic sensors to detect a rotating magnetic field gen-
erated by the magnetic material;

a second drive part selectively engaged with the turntable
to generate reciprocating vibrations on the turntable;

a vibration detecting section including
filters configured to extract the output signals of the

magnetic sensors and remove direct-current signals;
a comparing section configured to compare the output
signals of the filters; and
a microcomputer configured to calculate a vibration fre-
quency from an output signal of the comparing sec-
tion.



